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Quartz 2.31 pC/N 86.7 GN/m2 4.54 573 °C -0.03 %/°C

Tourmaline 1.93 pC/N 91.8 GN/m2 7.00 600–800 °C* -0.02 %/°C

PZT 330 pC/N 66.6 GN/m2 1500 350 °C** 0.13 %/°C
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TYPICAL HARDWARE USED IN A PIEZOELECTRIC SENSING SYSTEM
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OUTIN
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Piezoelectric
  Transducer

In Line Charge
   Amplifier
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Pressure
Force
Accel.

Pressure
Force
Accel.

A

Digital Voltmeter

AC

DC

Standard Input 
Coaxial Cable

Low Noise Input 
Coaxial Cable

Low Noise Input 
Coaxial Cable

OUT
POWER

In Line voltage
   Amplifier

IN OUT

AC

DC

OUT

IN

OUT

IN

PiezoelectricTransducer
With Internal Electronic 

AC Mode Coupler
(Battery Operated)

AC/DC Mode Coupler
(Line Operated)
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File/xducer0

Charge Mode 
Sensor

Voltage
Amplifier

Constant current

DC  Voltage

Meter

Charge Mode 
Sensor

Charge 
Amplifier

1 3 4 5 6
Decoupling 

Capacitor
Standard 
Noise Input 
Coaxial Cable

Standard Output 
  Coaxial Cable

Standard Output 
  Coaxial Cable

RC

Low Noise Input 
 Coaxial Cable

Low Noise Input 
 Coaxial Cable

2

A B C D

= Built inside transducer

COMBINATIONS

+

Cc

Cg

Rg

Coupler

A+B+C +5+6 =TYPICAL  INLINE CHARGE CONNECT.

A+B+C+D = CHARGE MODE CONNECT.

1+2+3+4+5+6= TYPYCAL INLINE VOLTAGE
CONNECT.

 1+3   +4 +5+6 =  PIEZOTRON / ICP CONNECT.

 A+C +4+5+6 = PIEZOTRON / ICP CONNECT.

Several Piezoelectric Transducers Combinations
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AC

DC

File/xducer3

3

4
5-1

6-1

7-1

5

6 7

8

Standard Output 
  Coaxial Cable

Standard Input 
Coaxial Cable

Readout

Standard Output 
  Coaxial Cable

Digital Voltmeter

A

TYPICAL LOW IMPEDANCE CONNECTION (Internal Electronic)

Piezoelectric Transducer
With Internal Electronics

AC/DC Mode Coupler
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1

DC

AC

TYPICAL CHARGE MODE CONNECTION (No Internal Electronic)

2 3 5

6

Low Noise Input 
Coaxial Cable

Charge Mode
    Amplifier

Readout

4

Standard Output 
  Coaxial Cable

File/xducer4

IN OUT

 Piezoelectric  Transducer
Charge Mode
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1

DC

AC

Readout

Standard Output 
  Coaxial Cable

DC

AC

Standard Output 
  Coaxial Cable

2

AC

DC

OUT

IN

43 5
6

7

8

9
10 11

12

9-1

10-1

11-1

Low Noise Input 
 Coaxial Cable

Digital Voltmeter

File/xducer5

TYPICAL IN LINE VOLTAGE CONNECTION (In-line Voltage Amplifier)

 Piezoelectric Transducer
Charge Mode

AC/DC Mode Coupler

Standard Input 
Coaxial Cable

In Line Voltage
   Amplifier



aWyéçïÉêéçáåíyîáíçyéêÉëÉåí~íáçåyïçêâëÜçéàéÉÖURR



aWyéçïÉê=éçáåíyîáíçyéêÉëÉåí~íáçåyïçêâëÜçéS

1

DC

AC

Readout
2 3

Low Noise Input 
 Coaxial Cable

In Line Charge
   Amplufier

4

File/xducer6

TYPICAL IN LINE CHARGE CONNECTION (In-line Charge Amplifier)

 Piezoelectric Transducer
Charge Mode

AC

DC

9-1

11-1

Digital Voltmeter

5

Standard Output 
  Coaxial Cable10 11

10-1

12

Standard Output 
  Coaxial Cable

Standard Input 
Coaxial Cable

6

7

AC

OUT

IN 8

9

AC/DC Mode Coupler

DC
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 Piezoelectric Transducer - Low and High Impedance 
                         More On Charge Amplifier

Charge Mode 
Sensor

Standard Output 
  Coaxial Cable

Low Noise Input 
 Coaxial Cable

A B C D

Cg

Rg

I.R. I.R. tc1 tc2 tc3

READ 
OUT

AC

DC

tls

Charge 
Amplifier

RisCkCxqx

Charge 
Mode 
Sensor

Charge 
Amplifier

ik

ix
ig

iis

ie

SW

Rg

Cg

Vo
Vi

-A

Vc

In our simplified model above we assume a high but finite open loop gain Vi, but neglect the effects of the Ris, ie, and Rg
.  
The open loop output voltage is Vo = - A x Vi while the voltage across Cg is: Vc = Vo - Vi = Vo + Vo/A = (1+ 1/A). Vo

At the above node neglecting iis and ie we can write ix + ig + ik = 0 where ix = dqx/dt,  ig = Cg . dVc/dt and ik = -Ck. dVi/dt

Cx is ignored in the case of the quartz material because it is much smaller than the cable capacitance itself

for A = 100,000 and Ck/Cg = 100 the overall error is less than 0.1 %

dqx/dt + Cg . dVc/dt + ( -Ck. dVi/dt) ;  dqx/dt +  (1+ 1/A).Cg. dVo/dt + 1/A.Ck. dVo/dt = 0

Plugging the proper current variables  from above  in  ix + ig + ik = 0  we obtain

Cg
Vo = .

         -qx               1

A
+               +

A
1     1        1     Ck.

Cg

Cx = Transducer capacitance
Ck = Cable capacitance
Cg = Feedback capacitor (range)
A = Open loop gain of op. amp.
Rg = Time constant or insul. res. of range capacitor
Ris = Insul. res. of input ckt.(cable and trasducer)
Vo = Output voltage

An ideal charge ampl. is immune from the 

input  capacitance in the front circuit.
(transducer and cable).  The voltage ouptut
is a function of the charge sensitivity and feedback 

capacitor (range)

Vo = -qx/Cg

by integrating and solving by Vo we obtain
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 Piezoelectric Transducer - Low and High Impedance
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1

2

DC
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AC

DC

File/xducer3

3

4
5-1

6-1

7-1

5

6 7

8

Standard Output 
  Coaxial Cable

Standard Input 
Coaxial Cable

Readout

Standard Output 
  Coaxial Cable

Digital Voltmeter

A

TYPICAL LOW IMPEDANCE CONNECTION (Internal Electronic)

Piezoelectric Transducer
With Internal Electronics

AC/DC Mode Coupler
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File/xducer9
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Voltage
Amplifier

R

1TC 2TC 3TC 4TC time (sec)5TC

time (sec)1TC 2TC 3TC 4TC 5TC

1TC 2TC 3TC 4TC 5TC time (sec)

Vx

Vi=Vo+Vx

 Piezoelectric Transducer - Low and High Impedance (Time Constant = TC=RC )

Input = Step function

Vx = Vi ( 1 -  e           )-t/RC

-t/RC
Vo = Vi    e           

Charging Interval

Discharging interval
Vo

Vi R

Cx

Vx

Vo

Vo

Classical definiton: The time in seconds required by the capacitor
to charge to 63.3% of its final value

Vo = Vi            
Discuss when:
t = 0
t =1 TC
t = 5 TC
t = 

Vo = Vi x  0.37          

Vo = Vi x 0 = 0          

Vo = Vi x 0.007 = close to zero         
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R

 Piezoelectric Transducer - Low and High Impedance (Time Constant = TC=RC )

Vo

File/xducer10

Decoupling 

Capacitor

DC  Voltage

+

Cc

PiezolectricTransducer

Voltage
Amplifier

CouplerCable

Meter Constant Current
Diode

Cable Read
Out

AC

AC

Sw1

Sw2

DC

DC

Transducer 
Response

6.8 sec

-t/RC
Vo = Vi    e           if  Vi =1 500 mV then Vo is 0.8% lower than 1500mV/lb = 1488mV = Vo

Vi R

Cx

Vx

Vo

3lbf.
6.8 sec

Mechanical 
Event

0.8% max

Sensing 

Element

ln1488mV/1500mV = -6.8 sec/RC RC = 6.8/0.008 = 850 sec

A charge amplifier with a charge mode piezoelectric transducer must follow the same rules as above as far as proper coupling and TC selection

In order to make a correct measurement you must  know with a good  approximation the expected event profile (Amplitude and duration)
In our example we'd like to make a force measuremnt of 3 lbf., profile step function, duration 6.8 sec. with an acceptable max. error of  0.8% due to
the TC decay

View on a picture the output signal degradation  due to the  improper coupling (AC vs. DC)

Let's choose a force transducer with a Sens=500mV/lb
to take  this measurement. Further determine the proper:
1) TC needed by the sensor. 
2)The coupler, read out and the way  they should be coupled. 

1488mV = 1500mV    e           
-6.8 sec/RC

-0.008 = -6.8 sec/RCln 0.992 = -6.8 sec/RC

The same applies fot the readout which must  be also in DC mode for the maximun voltage transfert

For the coupler in order to avoid any decay due to its own TC  should have a TC in the order of 120,000 sec if in AC mode. This is pratically impossible 

consequently it has to be coupled in DC mode
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1

Piezoelectric
 Transducer

A

DC

AC

4

5

7

6

Standard Output 
  Coaxial Cable

2 3

Standard Input 
Coaxial Cable

OSCILLOSCOPE

VERTICAL HORIZONTAL

SEC/DIV

8

Channel 1

9

Channel 2
AC

DC

AC

DC

AC/DC Mode Coupler

File/xducer12

TC

A

A

A

Sensitivity

Polarity

Channel 1
Volts/Div

Channel 2
Volts/Div

It's advisable to check the bias
voltage with a DC Voltmeter
at this connection

TYPICAL LOW IMPEDANCE SYSTEM VERIFICATION

This typical system is used to verify the 

transducer operation, the approximate
time constant, the approximate sensitivity 

and the sensor polarity or phase 

Transducer:
Connect the transducer as in the above sketch
and keep it in a neutral position (green trace). Then 

rotate it upward so that the gravity  acts on the 

seismic mass producing positive output voltage, 
(blue trace). Back to the neutral position generating 

a negative output voltage( red trace).The typical 
voltage outputs provide info.on the polarity, 
approximate sensitivity and TC
of the sensor under test

Specification of the test transducer:
100 mV/g, TC = 1.2 sec(The sensor to 

be tested can be a force, pressure or 
an accelerometer)
 

Specificaton of the coupler:
In AC mode the TC must be  greater than 

12 sec if into a 1 Mohms load for an error
of 10% . If  you are in doubt set it in DC mode

Read out
Oscilloscope with storage capability or
a digital voltmeter. Set the oscilloscope in DC 

mode, the horizontalscale 0.5/1 sec/div and 

the vertical scale to 20/50 mv/div.
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 Piezoelectric Transducer - Low and High Impedance 

High Impedance Systems

Main Features

Low Impedance Systems

-High Dynamic Range
-Adjustable Time Constant
-Adjustable Sensitivity
-Sensitiviy in multiples of 10
-Higher Temperature
-Ground button capable (Reset)
-Nuclear application 

Both systems are application dependent, it is up to  the customer or the sales
engineer to define the piezoelectric transducer for the correct application

WHICH ONE TO USE?

-Simple to operate
-Built in system test features
-Less sensitive to moisture
-Les sensitive to  noise
-Less expensive to operate
 (cables and signal conditioning)
-Long cable capable


